Objective-To evaluate the difference in systolic blood pressure at the arm and anlde at rest and after various exercise tests for the assessment of aortic coarctation. Methods-22 patients (mean age 33 years, range 17-66) were investigated on the suspicion of having haemodynamically significant aortic coarctation. Eight had undergone previous coarctation surgery, of whom five had received vascular grafts and three end to end anastomoses. The patients exercised submaximally while supine, seated on a bicycle, and walking on a treadmill, as well as exercising maximally on a treadmill. Arm and ankle blood pressure were measured with a cuff at rest and 1-10 minutes after exercise. Invasive pressures and cardiac output by thermodilution were recorded during catheterisation while patients were at rest and during and after supine bicycle exercise. The degree of constriction was assessed by angiography. Twelve healthy volunteers (mean age 32 years, range 17-56) provided reference values for cuff pressures after exercise. Results-All patients with a difference in cuff pressure at rest of 35 mm Hg or more had a difference in invasive pressure of 35 mm Hg or more. Increasing severity of constriction on angiography correlated with larger pressure gradients at rest and during exercise (P < 0.0001). When cuff measurements after exercise were considered singly or combined to form a predictor they did not improve the prediction of the invasive pressure gradients at rest or after maximal exercise. A pressure gradient between arm and ankle also developed in normal subjects after maximal but not after submaximal exercise. Conclusion-In most patients with suspected haemodynamically significant coarctation the difference in cuff pressure between arm and ankle at rest is sufficient to select patients in need of further evaluation. If exercise is performed submaximal exercise is preferable. (Br Heartj 1995;73:270-276) 
Technological imperative demands that the latest, most advanced methods be used to assess cardiac disease. Doppler echocardiography, including the transoesophageal approach, and magnetic resonance imaging, are such methods for assessing coarctation of the aorta. Whether they are necessary, cost effective, or superior to old methods remains to be proved. The difference in systolic pressure between arm and ankle has been widely used clinically to predict the central aortic pressure difference, but the accuracy of this test has been debated.'-' We assessed whether this method should be retained in diagnosing coarctation of the aorta, and whether measurements after exercise provide additional information.
Connor suggested that a pressure difference of 35 mm Hg or more after treadmill exercise is a cut off point for suspecting a haemodynamically significant recoarctation. This was based on the largest pressure difference measured non-invasively in patients without coarctation and the smallest non-invasive pressure difference in patients with a verified coarctation. We previously reported pressure differences of up to 95 mm Hg in normal subjects after a maximal treadmill test. 4 Hanson et al did not find a significant correlation between the invasive pressure difference and angiographic degree of constriction.2 Using an automated blood pressure device, Wendel et al found only a weakly positive correlation between the invasive and non-invasive pressure difference measured simultaneously after exercise. ' Realising that the pressure difference across a constriction is related to flow, we investigated the workload and type of exercise that could best predict the invasive results, with the aim of devising an appropriate screening test to select patients for further investigation.
Patients and methods

PATIENTS
Twenty two consecutive patients (nine women and 13 men (mean age 33 years; range 17-66)) were investigated when they were suspected of having a coarctation or recoarctation of the aorta. Suspicion was based on arterial hypertension and a positive pressure difference between arm and ankle at rest or after exercise. Clinical data, pressure gradients, and angiographic findings are listed Invasive difference at peak exercise (mm Hg) Figure 5 Difference in cuffpressure one minute after exercise compared with the difference in invasive central pressure at rest (top row) and at peak exercise (bottom row). Two data points overlap in the graphs for maximal treadmil exercise. patients with clinically significant aortic regurgitation and a low pressure difference between arm and ankle at rest did not have severe coarctation on angiography.
The pressure difference across the coarctation varied with cardiac output as seen in figure  1 . We hypothesised that the diagnostic criteria for aortic coarctation could be sharpened if the pressure difference was also measured in connection with an increased cardiac output. Cuff measurements of leg pressure during exercise are not feasible, but immediately after exercise altered haemodynamic conditions should persist. Pressure difference one minute after exercise was therefore chosen in addition to the values at rest.
We tested three different types of submaximal exercise in addition to maximal exercise to see whether the cuff pressures one minute after exercise could be used as substitutes for invasive exercise pressures. The correlation between these values one minute after exercise and the maximal exercise invasive pressure difference or difference at rest were all rather weak. The invasive procedure could possibly cause a higher degree of sympathetic stress in the patients and therefore an altered vascular tone and blood pressure difference, which has been shown to be important during invasive ambulatory monitoring."2 Another contributory factor could be the clearly different relation between the pressure difference and cardiac output after exercise (figure 1). It is noteworthy that the cuff gradient obtained after the submaximal tests differed significantly between patients and normal controls (figure 4), while there was an overlap between the patients with coarctation and the reference group after the maximal treadmill test.
Connor suggested that a blood pressure difference of 35 mm Hg after maximal treadmill exercise in a population of patients after surgery for coarctation could be evidence of recoarctation, but the load attained was not specified. ' Nowadays the diagnosis is often made in infancy or early childhood, although some cases are not diagnosed until adulthood. Furthermore, there is a growing population of adults who have been operated on at different ages by different methods. The need for lifelong follow up exists not only for the adequate care of individual patients but also for an ultimate, scientifically based decision about surgical technique and timing to achieve the optimal long term result. Such evaluations should preferably contain not only anatomical but also haemodynamic information. The exercise test carries information about the systolic blood pressure response proximal to the coarctation. We found that even at submaximal exercise the mean upstream systolic blood pressure was in excess of 200 mm Hg, which exceeds the reference value for this age group. 9 The difference in non-invasive blood pressure between arm and ankle depends on factors such as peripheral vascular resistance, cardiac output, and collateral flow when present, as well as the degree of aortic narrowing. With this in mind, we believe that the blood pressure difference during exercise can be a useful haemodynamic parameter suitable for long term follow up of patients who have had surgery for coarctation.
Our results emphasise the importance of standardisation of the type and intensity of the exercise used in conjunction with blood pressure measurement in patients with coarctation.
